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As part',' o f  a c o n t i n u a t i o n  o f  a l a r g e r  i n v e s t i g a t i o n  d i r e c t e d  toward 
understanding t h e  h i g h  temperature degradat ion  o f  a d d i t i o n  cured  polymers, 
seventy norbornenyl  cured p o l y i m i d e  r e s i n s  were processed as n e a t  r e s i n  
d i s c s  and t h e i r  long- term thermo-ox ida t ive  s t a b i l i t y  a t  316"C, and g l a s s  
t r a n s i t i o n  temperatures (Tg) were determined a f t e r  c u r i n g  and p o s t c u r i n g  
a t  316°C. 
changes i n  b o t h  t h e  monomeric composi t ion and i n  t h e  m o l e c u l a r  d i s t a n c e  
between t h e  norbornenyl  c r o s s l i n k s .  From t h e  r e s i n  composit.ions t h a t  
e x h i b i t e d  s a t i s f a c t o r y  process ing f low, t h i r t y  d i f f e r e n t  u n i d i r e c t i o n a l  
Ce l ion  6000 g r a p h i t e  f i b e r  composites were f a b r i c a t e d  and c h a r a c t e r i z e d  
f o r  composite i n i t i a l  mechanical p r o p e r t i e s  and, f o r  l a t e r  p o r t i o n s  o f  t h e  
l a r g e r  s tudy,  long- te rm composite thermo-ox ida t ive  s t a b i l i t y  and composi te 
mechanical p r o p e r t y  r e t e n t i o n  a t  316°C. The purpose o f  t h i s  p o r t i o n  of 
t h e  l a r g e r  s tudy  was t h r e e f o l d .  The f i r s t  purpose was t o  determine i f  any 
r e l a t i o n s h i p s  e x i s t e d  between t h e  r a t e  o f  r e s i n  we igh t  l o s s  p e r  u n i t  
sur face  area and t h e  monomer combinat ions used. The second purpose was t o  
determine i f  any r e l a t i o n s h i p s  e x i s t e d  between Tg and changing t h e  
d i s t a n c e  and/or monomer v a r i a t i o n  between t h e  norbornenyl  c r o s s l i n k  s i t e s .  
The t h i r d  purpose was t o  determine i f  any r e l a t i o n s h i p s  e x i s t e d  between 
any molecu la r  s t r u c t u r a l  mod i f i ca t ion /Tg r e l a t i o n s h i p  observed and t h e  
composite i n i t i a l  mechanical strengthslobtained. What was observed f o r  
t h e  thermo-ox ida t ive  s t a b i l i t y  p o r t i o n  o f  t h e  s tudy  was t h e  316°C we igh t  
l o s s  always decreases w i t h  decreas ing a l i p h a t i c  conten t .  However, more 
i m p o r t a n t l y ,  t h e  316°C we igh t  l o s s  decreases i n  d i r e c t  c o r r e l a t i o n  t o  
i n c r e a s i n g  b e n z y l i c / a l i p h a t i c  s t o i c h i o m e t r y  over  a wide range o f  r e s i n  
composi t ions when the norbornenyl  r e s i n s  c o n t a i n  b e n z y l i c  t y p e  groups, as 
shown i n  t h e  f i g u r e s  i n  re ference 1. 
f o r  non-benzylic/norbornenyl r e s i n s  o n l y  competes w i t h  t h e  b e n z y l i c /  
norbornenyl  r e s i n s  when t h e  r e s i n s  a r e  based on 6F d i a n h y d r i d e  ( d i a c i d -  
d i e s t e r ,  HFDE) used w i th  no diamine connect ing  group (as  i n  paraphenylene- 
diamine, PPDA). A1 1 t h e  o t h e r  non-benzyl i c /norborneny l  r e s i n s  e x h i b i t  
g r e a t e r  we igh t  losses  than e i t h e r  t h e  b e n z y l i c  type/norbornenyl  r e s i n s  o r  
norbornenyl  r e s i n s  based on v e r y  s t a b l e  monomer combinat ions as  i n  
HFDE/PPDA. What2was observed f o r  t h e  Tg and Composite i n i t i a l  mechanical 
p r o p e r t y  p o r t i o n  of t h e  s tudy  was an a lmost  l i n e a r  c o r r e l a t i o n  between Tg 
and molecu la r  d i s t a n c e  between t h e  c r o s s l i n k s ,  as shown i n  t h e  f i g u r e s  i n  
r e f e r e n c e  2. An at tempt  was made t o  c o r r e l a t e  Tg w i t h  composite i n i t i a l  
mechanical p r o p e r t i e s  ( f l e x u r a l  s t r e n g t h  and i n t e r l a m i n a r  shear s t r e n g t h ) .  
However, t h e  s c a t t e r  i n  mechanical s t r e n g t h  da ta  prevented o b t a i n i n g  as 
c l e a r  a c o r r e l a t i o n  as was observed between Tg and changing t h e  molecu la r  
d i s t a n c e  between t h e  c r o s s l i n k s .  
mechanical p r o p e r t i e s  was ob ta ined a t  each t e s t  temperature s t u d i e d  (room 
temperature,  288 and 316°C) as shown below and i n  t h e  f i g u r e s  i n  r e f e r -  
ence 2. 
The r e s i n  v a r i a b l e s  i n v e s t i g a t e d  i n  t h i s  s tudy  were sys temat ic  
I n  c o n t r a s t ,  t h e  316°C we igh t  loss 
Instead,  o n l y  a range of composi te 
Perhaps more i m p o r t a n t l y ,  what d i d  become apparent d u r i n g  the  
1 
7 
correlation study' was (a) that polymerization of monomeric reactant (PMR) 
methodology could be used to prepare composites from resins that contain a 
wide variety of monomer modifications, and (b) that these composites 
almost invariably provided satisfactory initial mechanical propertia as 
long as the PMR resins formulated exhibited satisfactory processing flow. 
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